A reação de uma série de cis-2-decalonas com TTN em CH 2 Cl 2 à temperatura ambiente foi investigada. As reações de contração de anel ocorreram com bons rendimentos, porém a regio-e a diastereosseletividade foram baixas. A influência de grupos alquílicos na regioquímica da reação depende da sua posição no anel decalínico.
Cis-fused hydrindanes are an important moiety present in several natural products, such as bakkenolide-A 1 and thapsanol 2 . In the course of the synthesis of these challenging targets, we sought for an efficient method to promote the ring contraction of cis-2-decalones.
improved under this condition, the reaction occurred with low regio-and diastereoselectivity, being observed three diastereomers of the four possibles (Table 1 , entry 1). Two aspects can be invoked to explain this low selectivity. First, the formation of both enol forms of the ketone 1 12 , which is responsible for the low regioselectivity. The ∆ 1,2 enol leads to the hydrindanes substituted at C1 position, whereas the ∆ 2,3 furnishes the carboxyl group at the C2 position ( Figure 1 ).
In 1988, Huffman and Balke 13 showed that the decalone 1 gives a slightly excess of the ∆ 2,3 trimethylsilyl enol ether, under thermodynamic conditions (TMSI/(Me 2 Si) 2 NH/ CH 2 Cl 2 ), which agrees with our result. The second aspect concerns the flexibility of the cis-fused system, which allows the trans-diaxial addition from both faces, thus explaining the low diastereoselectivity ( Figure 1 ). We have no explanation for the fact that only three of the four possible diastereomers have been formed in the ring contraction reaction. Thallium(III) salts have been successfully used in the ring contraction of trans-2-decalones 3 , as well as steroidal ketones 4, 5 , although some exceptions have also been reported 4, 6 . However, only two papers describing the reactions of cis-2-decalones or related compounds with thallium(III) salts have been published 7, 8 . In both of them, a single ring contraction product was obtained in low yield, as exemplified in Scheme 1. We anticipated that the low yield could be overcome using different experimental conditions for promoting this ring contraction 3,9-11 and, consequently, an efficient methodology for constructing cishydrindanes could be established.
The first substrate studied was the decalone 1 (see Table  1 Under similar reaction conditions, the 9,10-dialkyldecalones 2 and 3 led to the diastereomeric ring contraction products 8a/8b and 9a/9b, respectively (Entries 2 and 3). These results suggest that only the ∆ 2,3 enol was formed from the substrates 2 and 3. Therefore, the presence of two alkyl groups at the ring junction increased the regioselectivity, when compared to the substrate bearing an hydrogen at the same position.
The introduction of a methyl group at C8 position shows pronounced effect not only in the regio-, but also in the diastereoselectivity, as observed in the reaction of the decalone 4 with TTN. This reaction led to the formation of a single diastereoisomer of each regioisomeric acids 10 and 11, in a 10:1 ratio (Entry 4).
On the other hand, in the ring contraction of the decalone 5, which bears a methyl group at C5, an inversion in the regiochemistry of the reaction was observed, when compared to the other cis-fused substrates studied. In this case, the ∆ 1,2 enol form was the preferable pathway of the reaction (Entry 5). The ring contraction of the cis-decalone 5 promoted by SeO 2 was investigated by Da Silva 14 , in 1984. Using this oxidant, the acids 12 and 13 were obtained in a 2:3 ratio, respectively. It is worth noting that the result of the ring contraction of the decalone 5 was critical in our initial plan to the synthesis of bakkenolide-A. Due to the observed regioselectivity, a new route is being planned to achieve the desired carboxylic acid 12.
It is interesting to note that the 2-substituted hydrindanes 6, 10 and 12 can be distinguished from the corresponding 1-substituted 7, 11 and 13, respectively, by 13 C NMR. The carbon attached to the carboxyl group in 6, 10 and 12 is shielded by ca. 5 δ when compared to the 1-substituted hydrindanes. Thus, it was possible to determine their ratio by inverse gated decoupling. In contrast to the behavior of the cis-decalones 1, 4 and 5, the reaction of the corresponding trans-2-decalones, under similar conditions, has furnished a single ring contraction product, as exemplified for trans-10-methyl-2-decalone in Scheme 2 3 In summary, we showed that cis-2-decalones furnish ring contraction products in good yields, although in low regio-and diastereoselectivities (except for the substrate 4). We also revealed that the effect of the alkyl groups in the ring contraction depends on their position in the decalone ring system, in a non-straightforward manner. Changing the alkyl group from methyl to n-butyl in the ring junction slightly increased the diastereoselectivity of the reaction.
Experimental

Caution! Thallium(III) salts are toxic and must be handled with care.
The decalones 1 16 , 4 17 and 5 14 were prepared by hydrogenation (1 atm H 2 , 10% Pd/C, MeOH/HCl) of the corresponding octalones [18] [19] [20] [21] . 2,3-Dimethylcyclohexanone, used in preparation of 5, was obtained by Jones oxidation of the 2,3-dimethylcyclohexanol. The decalones 2 16 and 3 22 were prepared by cuprate addition 23, 24 , using the corresponding octalone 18 as starting material. Thallium trinitrate was purchased from Aldrich and was used as received. 1 H and 13 C NMR spectra were recorded at 300 and 75 MHz, respectively, on a Bruker DPX-300 spectrometer. The reactions were followed by gas chromatography using a HP-6890 series II.
General procedure for the reaction of cis-2-decalones with TTN
A typical procedure is described for the reaction of the cis-2-decalone 1 with TTN. To a stirred solution of 1 (0.048 g, 0.29 mmol) in CH 2 Cl 2 (5 mL), was added TTN.3H 2 O (0.28 g, 0.64 mmol). The mixture was stirred at room temperature for 24 hours and then filtered through Celite ® . The filtrate was washed with brine and dried over anhydrous magnesium sulfate. The solvent was concentrated under reduced pressure to give 6 and 7 (0.043 g, 0.24 mmol, 82%) in a 2:1 ratio, respectively, as a pale yellow oil; ν max /cm -1 2930, 2862, 1702 (film); 1 
Reaction of the cis-2-decalone 2 with TTN
The reaction was performed following the general procedure, using 2 (0.038 g, 0.21 mmol), CH 2 Cl 2 (4 mL) and TTN. 
Reaction of the cis-2-decalone 3 with TTN
The reaction was performed following the general procedure, using 3 (0.279 g, 1.26 mmol), CH 2 
Reaction of the cis-2-decalone 4 with TTN
The reaction was performed following the general procedure, using 4 (0.486 g, 2.70 mmol), CH 2 
